Abstract. In order to improve safety for airliner ground movement at the airport, a positioning method which can identify airliner and find the location of the airliner when the airliner taxiing at the airport based on computer vision is presented. Deep learning method is applied to recognize an airliner from complicated background of an image. After that, image segmentation based on graph is used to acquire the outline of the airliner. Then, after obtaining the nose undercarriage tyre, the location of airliner is obtained by means of coordinate transformation. The simulation results illustrate the validity of the proposed method.
Introduction
At present, world's air transportation industry is already booming. However, the lack of infrastructure of most airports, especially the draggling of field surveillance, seriously hindered the development of civil aviation. During the daily airline operations at airport, the case of collision between aircraft -aircraft, aircraft-vehicle occurs, which leads to not only significant safety risk, but also personal and property damage [1] .
Using advanced technology to increase the ability of field monitoring and regulation is an essential measure to insure the normal operation, reduce the damage and property losses. There are some normal field surveillance means, such as field surveillance radar, automatic dependent surveillance -broadcast (ADS-B) [2] [3], etc. For some small airports, tower controllers still use their eyes and voice as the main communication way. But these ways still have some drawbacks.
Field surveillance radar is expensive and the costs of installation and maintenance is very high, which prevent it from being widely used. As for ADS-B, operating costs are high, and technology incompatibility problems need to be solved, as well as hack problem [4] . In china, a lot of airplane and airport are not equipped with ADS-B.
From the beginning of the 21th century, computer vision has been used in scene surveillance, such as AVITRACK system [5] , vision based Safe berth system and INTERVUSE system [6] . In this paper, we propose a method that use computer vision with deep learning model to recognize airplane in images. Then, under the application of image segment and structure analysis, we can find the nose undercarriage tyre. Finally, a method that measuring planar objects with a calibrated camera has been used to solve the position of an airplane on the airport.
Airplane Recognition in Images
The chosen method of airplane recognition is combining the deep architecture model from deep learning with sliding window. Adjusting the sliding window's size and step, the positon of airplane can be precisely determined in the image.
Deep learning (DL) is a branch of machine learning based on a set of algorithms that attempt to model high-level abstractions in data by using a deep graph with multi-layer neural network [7] .
Artificial neural network is the beginning of deep learning and some of the most successful deep learning methods involve artificial neural networks. An artificial neural network is an interconnected group of nodes, akin to the complex network of neurons in a brain.
Artificial neural network(ANN) is a network connected by a series of artificial neurons that consist of three parts each: Input, Artificial Neuron and Output, as shown in Figure. 
Where X= (x 1, …, x n ), W= (w 1j, …, w nj ) . Threshold j can be defined, for example, as,
ANN is composed by the joint of many artificial neurons. Figure. 2(a) shows a typical simple three layer ANN with 3 inputs and 2 outputs: Input, Hidden, Output. It is also a shallow network.
A deep neural network (DNN) is an artificial neural network (ANN) with multiple hidden layers of units between the input and output layers, such as Figure. (5) Extract information from the raw pixel data into the abstraction semantic layer by layer. These features of deep learning make it is extremely suitable for image recognition and it has been widely used in image recognition filed.
Since 2006, when Geoffrey Hinton published his papers about deep learning [7, 8] , deep learning has been a great success in many areas. At the same time, there is a growing interest for deep learning methods used in image recognition and computer vision . In 2012，Hinton Group won the first prize in ILSVRC2012, making breakthroughs in image recognition and computer vison. Figure. 6 A drawing of a graph A graph is an ordered pair comprising a set of nodes together with a set of edges. Figure.6 is a simple structure of a graph, which can be stated as Some graph maybe has weight and it can present the pairwise correlations or similarity among variables. The weight between i, j can be indicated by ( )
ij W
In the case of graph-based image segmentation, each node v i ∈V corresponds to a pixel in the image, and the edges in E connect certain pairs of neighboring pixels. A weight is associated with each edge based on some property of the pixels that it connects, such as their pixels' dissimilarity. So, image segmentation problem can be translated into graph partition problem. Then, graph algorithms, like Minimal Spanning Tree, Shortest path, Max. graph flow, Min.cut, can be used.
Assume that each image pixel p i has a corresponding vertex v i ∈V, we use an edge weight function based on the absolute intensity difference between the pixels connected by an edge,
I(p i ) is the intensity of the pixel p i , such as its RGB.
Internal difference of a component C⊆V can be defined as the largest weight in the minimum spanning tree of the component, ( ) ( , ) I nt( ) max
Difference between two components C 1 , C 2 ⊆V can be defined as the minimum weight edge connecting the two components,
Pairwise comparison predicate can be defined as
Where Mint is the minimum internal difference and is defined as,
Mint , min Int( ) , Int( )
τ(C) is a threshold function based on the size of the component C and τ(C)=K/| C |. where |C| stands the size of C and K is given manually. Segmentation algorithm can be described as, Figure. 7 Results of airplane structure analysis Through the analysis of the structure of airplane, we can find the nose gear. But we need to find the point closet to the ground. So, we have to find the Nose Undercarriage tyre. In this paper, The HOUGH transform circle detection method has been used to find the candidate area of tyre [10] , as shown in Figure.8 (a) . The condition that Circle must contain the lowest point of nose gear and the proportion of overlap is the largest should be met to determine the circle of tyre.. 
Airplane Location
In this paper, Zhang Zhengyou's plane calibration method of camera calibration algorithm has been used [11] , through which we can obtain the transfer matrix we need. Figure. 9 Camera Projection Model Suppose that m= (u, v) is a 2D point and M= (X, Y, Z) is a 3D point, Figure 9 [11] . For the convenience of calculations, we use x  to denote the augmented vector:
. A camera is modeled by the usual pinhole as shown in Figure. 9 and the transfer function is given by
where s is an arbitrary scale factor. (R, t) is the extrinsic parameters and A is camera intrinsic matrix which is given by
With (u 0 , v 0 ) the coordinates of the principal point, α and β the scale factor in image u and v axes, and γ the parameter describing the skewness of an image. Set Z=0, we get
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Where H is a holography matrix which illustrates the mapping relationship between the two chess board. So
Using the knowledge that r 1 and r 2 are orthonormal, we have 
in matrix form: DK=d , and the solution is given by
Thus, we can get
Let (x r , y r ) be the coordinates in the ground coordinate system, so r e r e
x X x y Y y
Because, at the airport, the airplane's landing gear is always on the ground, the undercarriage tyre is used to pinpoint airplane. In this paper, we use iPhome5s, C919 model (1:100) and the Guangzhou Baiyun Airport model (1:40) to test this method, as shown in Figure. 
Conclusion
By combining the deep architecture model from deep learning and the method of sliding window, we recognized the airplane from complex background from the image. Then, through graph-based image segmentation and circle detection, the nose undercarriage tyre is found to locate the airplane. Finally, airplane position has been determined by using transfer matrix which computed through camera calibration. The results show that the proposed method based on computer vision is effective. Due to its low cost and easy to use, the proposed method will be widely used in airport surveillance.
